The increasing numbers of older adults now receiving cochlear implants raises the question of how the novel signal produced by cochlear implants may interact with cognitive aging in the recognition of words heard spoken within a linguistic context. The objective of this study was to pit the facilitative effects of a constraining linguistic context against a potential age-sensitive negative effect of response competition on effectiveness of word recognition.
INTRODUCTION
The perception of everyday speech is based on a continuous interaction between bottom-up processing (analysis of the physical properties of the acoustic signal) and top-down information (context, knowledge, and expectancy). Top-down and bottomup processes ordinarily have a reciprocal relationship, such that the more probable a word is within a linguistic or real-world context, the less bottom-up information the listener will need for accurate word recognition (Morton 1969 ). This fundamental relationship underlies the ease of speech comprehension when listeners are faced with speech that is underarticulated (Pollack & Pickett 1963; Lindblom et al. 1992; Wingfield et al. 1994) , when listening to accented speech (Van Engen & Peelle 2014) , when speech is heard in a noisy background (Dubno et al. 2000; Cox et al. 2008) , or for listeners with reduced hearing acuity (Benichov et al. 2012) .
Cochlear implants represent a special case of speech distortion, in which word recognition must succeed with a bottom-up signal that has limited spectral resolution and temporal finestructure cues (Loizou 1999; Wilson & Dorman 2008a) . In spite of these limitations, both younger and older adults typically adapt well to this novel signal, culminating in relatively good speech intelligibility (Friedland et al. 2010; Budenz et al. 2011; Roberts et al. 2013 ). In part, this success is due to effective use of linguistic context, such that, for example, with spectrally degraded speech signals, word intelligibility scores are higher for words heard in a sentence context than when words are presented in isolation, both in quiet and in noisy backgrounds (Fishman et al. 1997; Friesen et al. 2001; Eisenberg et al. 2002; Sheldon et al. 2008; Wilson & Dorman 2008b; Nittrouer et al. 2014; Kong et al. 2015; Oh et al. 2016; Winn 2016) . Such findings emphasize the role of a cognitive, top-down contribution to successful perceptual operations in listeners using cochlear implants (Bhargava et al. 2014; Başkent et al. 2016; Clarke et al. 2016 ).
This latter point raises a special issue in the case of older adults, many of whom, in their 60s, 70s, and even 80s, are currently receiving cochlear implants in increasing numbers (Gifford et al. 2010; Lin 2011; Lin et al. 2012; Dillon et al. 2013) . That is, balanced against well-preserved linguistic knowledge in healthy aging (Wingfield & Stine-Morrow 2000) , older adults typically show age-related reductions in working memory capacity (Salthouse 1994) , attentional resources (McCabe et al. 2010) , and processing speed (Cerella 1994; Salthouse 1996) , all of which may impact speech comprehension and recall for what has been heard (Wingfield et al. 2003; Tun et al. 2009; DeCaro et al. 2016 ). An additional feature of cognitive aging is that of an inhibition deficit characterized by greater susceptibility to interference from off-target activations (Hasher & Zacks 1988; Zacks et al. 1999; Lustig et al. 2007; Lash & Wingfield 2014) . For example, older adults, independent of hearing acuity, show more interference in recognition of words when there are large numbers of words that share phonology with that word (Sommers 1996; Sommers & Danielson 1999) . Older adults also have more difficulty than younger adults in recognizing a word when it is one of a large number word that might also be suggested by a particular linguistic context (Lash et al. 2013 ).
Thus, for the older adult, there are two competing forces in operation when a word is heard within a linguistic context. The first of these is a positive effect of stimulus expectancy that facilitates word recognition, with past work with nonimplant listeners-presented with natural speech or noise-vocoded speech to simulate cochlear implant listening-showing that older adults generally gain as much as, or even more, facilitation from a linguistic context than younger adults (Cohen & Faulkner 1983; Wingfield et al. 1991; Pichora-Fuller et al. 1995; Sheldon et al. 2008; Benichov et al. 2012) . At the same time, older adults, regardless of hearing acuity, tend to show greater interference in word recognition from response competition engendered by activation of additional words that might also be activated by the linguistic context (Lash et al. 2013 ).
Stimulus Expectancy and Response Competition From "Cloze" Norms
Consider, for example, hearing a sentence fragment such as, "He wondered if the storm had done much …." This sentence beginning would lead one to expect a highly probable sentence-final word such as damage. This can be compared with a less constraining sentence, such as, "He was soothed by the gentle…," which would have a greater degree of response uncertainty. Using a "cloze" procedure (Taylor 1953) , in which a large sample of young adults was asked to complete the first sentence with a likely ending, Bloom and Fischler (1980) found in the first example that 97% of respondents gave the word damage. The most frequent response to the second example was music, but this was given by only 23% of respondents, with various participants giving a range of other responses. Using the information from such norms, affirmed for younger, middleaged, and older adults (Lahar et al. 2004) , it can be shown that the amount of word-onset duration (Wingfield et al. 1991) or the signal to noise ratio (Benichov et al. 2012 ) necessary for the correct recognition of sentence-final words is inversely proportional to their expectancy based on their preceding linguistic context.
A feature of norms such as Bloom and Fischler (1980) and Lahar et al. (2004) is that, in addition to listing the dominant sentence completions, these norms also list the full range of alternative responses given by respondents and the percentage of respondents giving each of these responses. In the first illustrative sentence above, for example, the sentence-final word harm was also given, although by very few respondents. By contrast, the second sentence context above produced over 12 different responses, with varying degrees of popularity. These published norms, thus, allow one to know not only the transition probability of a target word in a sentence context but also the uncertainty implied by the number and probability distribution of alternative possibilities drawn from respondents' sentence completions. This latter measure has been referred to as response entropy (Shannon 1948; Shannon & Weaver 1949; Treisman 1965; van Rooij & Plomp 1991) .
Word Recognition and Word-Onset Gating
In the experiment to be described, we made use of the wordonset gating technique (Grosjean 1980 (Grosjean , 1996 Wingfield et al. 1991) , in which participants hear increasing amounts of wordonset information in a series of increasingly longer temporal gates until the word can be correctly identified * . Studies using an onset gating procedure have shown that words can often be recognized long before their full acoustic duration has been heard, in many cases when as little as 330 msec of the word's onset has been heard (Grosjean 1980; Marslen-Wilson 1984) . It has been argued that correct word identification in the absence of the complete acoustic signal is made possible because of the rapid decrease in the number of possible word candidates that share the same initial sounds with a target word as more and more of the word's onset duration is heard (Tyler 1984; Wayland et al. 1989) . In some cases, correct recognition can occur even when more than one word candidate remains in the onset cohort. In such cases, recognition may be aided by matching prosodic information, such as syllabic stress, available in the word onset, or the presence of coarticulation cues that may supply information about sounds yet to be heard (Warren & Marslen-Wilson 1987; Lindfield et al. 1999; Magnuson et al. 2001) .
Onset gating has shown itself to be sensitive to a number of factors that are known to affect ease of word recognition. Gating studies have confirmed, for example, that the beginnings of words in English typically contain a greater amount of discriminative phonological information than in the latter parts of words (Wingfield et al. 1997) and that there is an advantage for words with a high frequency of occurrence in the language relative to low-frequency words (Grosjean 1980) . Relevant to our present interests, gating studies have also shown that a greater amount of a word's onset will be needed for recognition if speech quality is poor (Nooteboom & Doodeman 1984; Grosjean 1985; Moradi et al. 2014) and that words heard within a semanticallyconstraining sentence context can often be recognized with as little as the first 150 to 200 msec of their onset duration (Grosjean 1980; Marslen-Wilson 1984) .
The present experiment was designed to use the gating paradigm to test the interplay between context-based expectancy and response competition in younger and older adult implant recipients' recognition of sentence-final target words. Extrapolating from data obtained from younger adults and from older adults with normal hearing and mild-to-moderate hearing loss (Lash et al. 2013) , one would expect that older adult implant users would require a larger word-onset duration than younger adult implant users to identify a spoken word when there is limited linguistic context. One might also expect this difference to be reduced or eliminated by presenting the target word with increasing amounts of linguistic context (cf. Wingfield et al. 1991; Pichora-Fuller et al. 1995; Dubno et al. 2000; Benichov et al. 2012) .
Of special interest, however, is the extent to which older adult implant users' word recognition may be differentially hampered by a postulated inhibition deficit that must be taken into account along with the beneficial effects of a linguistic context. To the extent that older adults show such an age-related inhibition deficit (Hasher & Zacks 1988; Lustig et al. 2007) , one would hypothesize a differentially greater effect of interference on older relative to younger adult implant users' recognition of a sentence-final word when there is a large number of words that might also fit a sentence context. *In the original use of the technique, an electronic gate was opened at the start of a recorded word and closed after a set time as measured from the acoustic beginning of the word (Grosjean 1980) . Although computer speech editing is now used to control the amount of word-onset information a participant will hear, the term "gating" is still used.
MATERIALS AND METHODS

Participants
Participants were 16 adult users of cochlear implants. Eight were younger adults (4 men and 4 women) ranging in age from 18 to 29 years (mean = 22.5 years; standard deviation [SD] = 4.7) and 8 were older adults (3 men and 5 women) ranging in age from 63 to 74 years (mean = 67.5 years; SD = 3.5). All participants were in self-reported good health, with no known history of stroke, Parkinson disease, or other neurologic involvement that might negatively impact their performance in the experimental task. The 2 groups were similar in vocabulary knowledge as assessed by the Shipley vocabulary test (Zachary 1991) , with mean scores of 14.3 (SD = 1.9) and 15.5 (SD = 2.7) for the younger and older adults, respectively. Table 1 gives detailed demographic information for the younger and older adults, including age, sex, hearing history, hearing device(s), and consonant-nucleus-consonant (CNC; Peterson & Lehiste 1962) word recognition scores. It can be seen that the majority of the younger adults were diagnosed with severe to profound hearing loss during infancy and were implanted with 1 or 2 cochlear implants before the age of 5 years. The older adults had later onset of severe to profound hearing loss. The younger adults were predominantly implanted with Cochlear Nucleus implants (CI22 or CI24), whereas the older adults were implanted with Advanced Bionics implants (Clarion CI, Clarion CII, or HiRes90K).
For the testing sessions, participants were encouraged to use the device(s) they used on a regular basis, including implants and hearing aids. For those who had only 1 implant, 3 participants (Y6, Y7, and O2) had a profound hearing loss in the nonimplanted ear and did not wear a hearing aid in that ear. Participant O5 had a severe to profound hearing loss in the nonimplant ear. Although she had a hearing aid for that side, she did not use it regularly and was tested without a hearing aid in the nonimplanted ear.
Within these differences, as occur in typical implant populations, we nevertheless ensured that the younger and older adults were closely matched on CNC word-recognition scores (younger adults: 77.8%; older adults: 77.0%; t(14) = 0.12; p = 0.90).
Stimuli
The stimuli consisted of 20 1-and 2-syllable common nouns and adjectives with high frequencies of occurrence in English, with mean log-transformed Hyperspace Analogue to Language frequencies ranging from 9.31 to 13.58 (Lund & Burgess 1996; Balota et al. 2007 ). The mean duration of the recorded target words was 605.3 msec, representing an average of 12.6 50-msec gates for full-word inclusion. Accepting truncated but just-identifiable word-final phonemes as marking word endings reflected a mean word duration of 515 msec.
Each of the words was presented as the final word in three sentence contexts that varied in the degree to which they would be likely sentence endings. The sentence and target-word sets, which were taken from Lash et al. (2013) , were selected from published cloze data such that each target word could be heard as the final word in a sentence in which the target word had a low expectancy (probability range: 0.02 to 0.05; mean = 0.03; e.g., "The cigar burned a hole in the FLOOR" [probability = 0.03]), a medium expectancy (probability range: 0.09 to 0.21; mean = 0.13; e.g., "The boys helped Jane wax her FLOOR" [probability = 0.10]), or a high expectancy (probability range: 0.23 to 0.85; mean = 0.52; e.g., "Some of the ashes dropped on the FLOOR" [probability = 0.43]).
These transition probabilities were based on the published responses of 100 young adults who were given sentences with a final word missing and asked to complete the sentence with a likely final word, keeping the sentence syntactically and semantically coherent (Bloom & Fischler 1980) . Such cloze norms are presumed to reflect the combined influence of the syntactic and semantic constraints imposed by the sentence contexts (Treisman 1965) . Although originally generated by young adults, the Bloom and Fischler (1980) norms have been shown to be predictive of word selection by children (Stanovich et al. 1985) , university undergraduates (Block & Baldwin 2010) , and young, middle-aged, and older adults in the United States and Canada (Lahar et al. 2004) . In addition to the high, medium, and low context conditions, each target word was also prepared in a neutral context, in which the target word was preceded by the carrier phrase "The word is …."
The sentences and target words were spoken by a female speaker of American English and recorded via Sound Studio software (FeltTip, Inc) that digitized the speech at a sampling rate of 22 kHz. To avoid potential effects of coarticulatory cues that could be tied to the ends of specific sentence frames, or accidental effects of differences in the way the target word was spoken, a single rendition of each target word was recorded and spliced onto the end of each of its sentence contexts and the neutral carrier phrase. Splicing was carried out to avoid an artificial pause so as to sound like a natural continuous sentence.
Procedures
Each sentence context and target word was presented in a series of successive presentations, with the onset gate size of the target word increased in 50 msec increments until the target word was correctly identified. The recognition threshold was defined as the gate size (in milliseconds) at which the participant first gave the correct response.
Each participant heard each of the 20 target words in only 1 of its sentence contexts (low, medium, high, or neutral context). The particular combinations of context sentences and target words were varied between participants such that, across the 8 participants in each age group, each target word was heard in combination with each of its preceding contexts an equal number of times. This design was employed to counterbalance potential effects of individual word factors such as word frequency and the number of phonological neighbors, both of which are known to affect ease of word recognition (Howes 1957; Grosjean 1980; Sommers 1996; Luce & Pisoni 1998; Taler et al. 2010 ). The particular order of presentation of the target words (and hence context types) was varied randomly between participants.
The stimuli were presented from an external sound card (TASCAM US-366) and transmitted through a soundfield loudspeaker in a soundproofed booth. Participants were seated with the loudspeaker 1 m, zero azimuth from the listener using his or her everyday program settings. All stimuli (including the CNC words) were presented at a root-mean-square level of 67 to 68 dBA, which was reported to be a comfortable listening level by all participants. The experimental protocol was approved by the Brandeis University Institutional Review Board. Written informed consent was obtained from all participants before the start of the experiment. Figure 1 shows the mean gate size (msec) required by the younger and older adults for the correct recognition of target words when they were preceded by a linguistic context with a relatively low, medium, or high probability of suggesting the sentence-final word. These data include only those cases where participants repeated the context sentence correctly because the ability to correctly hear the sentence frame is a necessary precondition for evaluating the effectiveness of contextual constraints on target word recognition (Craig et al. 1993 These data show cochlear implant listeners to follow the two features that have been found for context effects on word recognition: first, that the ease of word recognition increases progressively with increasing cloze probability and second, that age differences progressively decrease with increasing stimulus expectancy (Cohen & Faulkner 1983; Wingfield et al. 1991; Pichora-Fuller et al. 1995; Benichov et al. 2012; Lash et al. 2013 ). This pattern was confirmed by a 3 (Expectancy: low, medium, and high) × 2 (Participant group: younger, older) mixed-design analysis of variance (ANOVA), with expectancy as a within-participants variable and participant group as a between-participants variable. The appropriateness of using parametric statistics was supported by inspection of Q-Q plots The appearance of fewer gates being required for word recognition as the level of stimulus expectancy increased was confirmed by a significant main effect of expectancy, F(2,28) = 61.74; p < 0.001; η p 2 = 0.82. An absence of a main effect of participant group, F(1,14) = 2.45; p = 0.14; η p 2 = 0.15, was moderated by a significant Expectancy × Participant group interaction, F(2,28) = 4.13; p = 0.027; η p 2 = 0.23. This interaction was driven by a difference in recognition thresholds between the 2 participant groups at the low expectancy level, where the older adults required a significantly larger gate size for correct word recognition than the younger adults, t(14) = 2.85; p = 0.013, with this age difference diminishing with increasing contextual constraints. Figure 1 does not show the gate-size data for the neutral context condition where target words were preceded only by the noninformational carrier phrase, "The word is …." These gate sizes, especially for the older adults, approached the discriminative point for many words, thus representing a functional "ceiling" effect, which, as indicated previously, can be as little as 330 msec. This had the effect of reducing the potential size of an age difference, with the older adults achieving correct recognition with a mean onset gate size of 383.44 msec (SD = 51.98) and the younger adults with a mean gate size of 324.58 (SD = 56.03); t(14) = 2.18; p = 0.047. As noted previously, the 2 participant groups were initially matched for CNC score, t(14) = 0.12; p = 0.91. The small but significant age difference in gate size observed for recognition of words in the neutral context condition was not predicted by the CNC score, r(16) = −0.018; p = 0.95.
RESULTS
Effects of Stimulus Expectancy
Effects of Response Entropy
Response entropy was calculated for each of the target words in each of the three context conditions (low, medium, and high context), with entropy (H) calculated as the total number of different responses given in the Bloom and Fischler (1980) norms and the probability distribution of the responses. After Lash et al. (2013) , this is shown in the following equation:
where x is a response, for which there are n possible responses (x 1 , x 2 , . . ., x n ). For each x i , there is a probability p that x i will occur. The subscript b represents the base of the logarithm used, where we use the base 2 in keeping with the traditional measurement of statistical information represented in bits (Shannon 1948; Shannon & Weaver 1949) . For example, when asked to complete the sentence beginning "Bob would often sleep during his lunch …" with a likely sentence-final word, 54% of respondents gave the word hour (probability = 0.54), 41% gave break (probability = 0.41), and 5% gave period (probability = 0.05). Using the above equation, H = −[(0.54 log 2 0.54) + (0.41 log 2 0.41) + (0.05 log 2 0.05)] or 1.22 bits. This can be compared to a higher entropy situation where the distribution of probabilities is more uniform, such as "My aunt likes to read the daily …," where "paper," "newspaper," and "news" were produced with probabilities of 0.47, 0.31, and 0.22, respectively, yielding an entropy value of 1.52 bits. Figure 2 shows mean recognition thresholds as a function of response entropy for the younger and older adults for low entropy (0.40 to 1.60; mean = 1.18), medium entropy (1.70 to 2.39; mean = 2.01), and high entropy (2.41 to 3.27; mean = 2.74) conditions. These data were submitted to a 3 (Entropy: low, medium, high) × 2 (Participant group: younger, older) mixed-design ANOVA, with entropy as a within-participants variable and participant group as a between-participants variable. The appearance of more gates being required for correct recognition as response entropy increased was confirmed by a main effect of entropy, F(2,28) = 4.65; p = 0.018; η p 2 = 0.25. The main effect of age showed a nonsignificant trend, F(1,14) = 3.67; p = 0.076; η p 2 = 0.21. The suggestion in Figure 2 of a differentially larger age difference when response entropy was high was not reflected by an overall Entropy × Participant group interaction, F(2,28) = 0.73; p = 0.49; η p 2 = 0.05. However, planned comparison testing yielded a significant age difference in the high entropy condition, t(14) = 2.31; p = 0.037.
Number of Competitors Versus Strongest Competitor
It should be noted that entropy is a single index that reflects both the number of different responses given by participants in the published norms but also the distribution of the frequencies (i.e., probabilities) with which they were given. Because these factors tend to be intercorrelated, we examined their independent effects using a partial correlation analysis (Bruning & Kintz 1997) . This analysis showed a significant correlation between recognition thresholds and the size of the competitor pool (the number of unique responses given in the published norms), with the correlation between recognition thresholds and probability of the strongest competitor partialed out. This held for both the younger adults, r(115) = 0.32; p < 0.001, and the older adults, r(109) = 0.39; p < 0.001. By contrast, the correlation between recognition threshold and the response probability of the strongest competitor, with the correlation between recognition threshold and pool size partialed out, failed to reach significance for either the younger adults, r(115) = 0.15; p = 0.099, or the older adults, r(109) = 0.17; p = 0.070.
For these data, the size of the competitor pool, thus, had a greater effect on recognition thresholds than the strength of the strongest competitor. To the extent that the entropy effect was driven primarily by the size of the competitor pool, an agedependent inhibition deficit would predict that a large number of semantically suggested competitors would have a greater adverse effect on word recognition for the older adults than for the younger adults. To test this prediction, we calculated the mean recognition thresholds for the younger and older adults using a median split to select cases with few competitors (2 to 7 unique responses) and cases when there was a larger number of competitors (8 to 18 unique responses).
These data are shown in Table 2 , where a 2 (Competitor pool: small, large) × 2 (Participant group: younger, older) mixed-design ANOVA confirmed main effects of the size of the competitor pool, F(1,14) = 15.68; p = 0.001; η p 2 = 0.53, and of participant group, F(1,14) = 17.81; p = 0.001; η p 2 = 0.56. Of primary interest was a significant Competitor pool size × Participant group interaction, F(1,14) = 5.33; p = 0.037; η p 2 = 0.28, confirming that a large number of response competitors had a differentially larger negative effect on recognition thresholds for the older adults relative to the younger adults.
It is the case that target expectancy and the number of potential competitors will often show a reciprocal relationship, with higher probability targets having fewer response competitors than target words with lower probability. To ensure that the demonstrated effect of size of the competitor pool on recognition thresholds was not simply a consequence of this relationship, we calculated a second series of partial product-moment correlations for each of the 2 participant groups in which the predictive effect of each of these factors was examined while partialing out the effect of the other. We first confirmed a significant correlation between stimulus expectancy and recognition threshold, with the relationship between recognition threshold and competitor size held constant (younger: r = −0.19; p = 0.045; older: r = −0.32; p = 0.001). It was also the case that there was a significant correlation between size of the competitor pool and recognition threshold, with the relationship between recognition threshold and stimulus expectancy held constant (younger: r = 0.23; p = 0.011; older: r = 0.28; p = 0.003).
We, thus, conclude that both stimulus expectancy and response competition operated on the recognition thresholds for the sentence-final target words, with the latter having a larger detrimental effect on the older adults than on the younger adults.
DISCUSSION
We earlier cited the basic principle of perception that the higher the probability of a stimulus, the less sensory information will be needed for its accurate recognition. Considerable research conducted with young adults with normal hearing has confirmed this basic principle, with long-standing demonstrations that the signal to noise ratio needed for correct recognition of spoken words (or the necessary exposure duration of printed words) is inversely proportional to the logarithm of their probability within a linguistic context (Tulving & Gold 1963; Morton 1964a Morton ,b, 1969 see also Miller et al. 1951; Black 1952; Bruce 1958) . Subsequent research has shown this general principle to hold for older adults and for younger adults, for both spoken and written materials, with a tendency for older adults to make especially good use of linguistic context in word recognition relative to young adults (Cohen & Faulkner 1983; Madden 1988; Nittrouer & Boothroyd 1990; Wingfield et al. 1991; Perry & Wingfield 1994; Pichora-Fuller et al. 1995; Dubno et al. 2000; Grant & Seitz 2000) . This general principle is embodied in traditional speech-in-noise tests in audiometric assessment, where intelligibility is tested for words presented in noise with or without a constraining linguistic context (Kalikow et al. 1977; Wilson et al. 2007) .
Using materials drawn from the revised speech-in-noise test (Bilger et al. 1984) , Humes et al (2007) affirmed the facilitation effect of a sentence context on word recognition for younger and older adults for both spoken and written stimuli. By comparing the two modalities within a single experiment, however, they found that while the magnitude of the contextual benefit was relatively larger for presentations in the auditory than in the visual modality, speeded auditory presentations were more detrimental to older adults' performance than speeded presentations in the visual domain.
Although noting several differences inherent in the manner of the two presentations, Humes et al (2007) suggest that one must consider two factors in word recognition in adult aging: a modality-specific effect, as observed in their study, and amodal cognitive factors that affect both visual and auditory processing. An example of the latter is that while older adults make at least as good use of a prior linguistic context on spoken word recognition as younger adults (Cohen & Faulkner 1983; Wingfield et al. 1991; Pichora-Fuller et al. 1995; Benichov et al. 2012; Lash et al. 2013) , it can also be shown that older adults are less effective than younger adults in identifying an indistinct word retrospectively from the context that follows that word . This latter ability requires maintenance of a temporary memory trace of the indistinct stimulus, and potentially the surrounding context in working memory-a cognitive capacity which, as previously noted, is typically limited in adult aging (Hasher & Zacks 1988; Salthouse 1994; Zacks et al. 1999) .
The facilitating effects of linguistic context with gated stimuli observed in this study are compatible with most word recognition models that assume a reciprocal balance between bottom-up information affected by stimulus quality and topdown information supplied by a system of linguistic knowledge (McClelland & Elman 1986; Marslen-Wilson & Zwitserlood 1989; Rönnberg et al. 2013 ). An early model that captures many of the features of word recognition was developed by Morton (1964a Morton ( , b, 1969 Morton ( , 1979 , who postulated a "dictionary" of "units" (later named "logogens") representing lexical entries stored in long-term semantic memory. Each stored lexical unit has an initial level of activation (a "resting potential") based on its a priori probability derived from the frequency with which the word has been encountered in past experience, which underlies the word frequency effect in ease of written (Howes & Solomon 1951) and spoken (Howes 1957; Grosjean 1980) word recognition. In the Morton model, as a sentence unfolds in time, progressively increasing the likelihood of hearing (or seeing) a subsequent word, the level of activation of the corresponding logogen is increased until a threshold of activation is exceeded. At this point, the unit "fires," and the corresponding word in the mental lexicon is available as a response. (A corollary of this proposition is that when a word has an especially high probability of occurrence, recognition may be triggered with little or no sensory information. This can result in contextually congruent misidentifications, often expressed with inappropriately high confidence [Rogers et al. 2012; Rogers & Wingfield 2015] ).
Our present results using word-onset gating show, for both younger and older adult implant listeners, not only a context versus no context distinction in ease of word recognition. More specifically, consistent with models such as Morton (1979) , the effect of context is a graded one, with recognition thresholds progressively decreasing with increasing degrees of likelihood of hearing a target word within a sentence context. Also seen in these data is older adults' effective use of a linguistic context to compensate for their initial disadvantage in recognizing words presented in neutral or low context conditions (see also Cohen & Faulkner 1983; Wingfield et al. 1991; Dubno et al. 2000; Pichora-Fuller 2008; Sheldon et al. 2008) .
In this latter regard, it is especially notable that the older adults required a greater amount of word-onset duration for correct recognition than the younger adults in the neutral and low context conditions, even though the younger and older participants did not differ in word recognition scores for CNC words. This distinction suggests that the gating task taps not only listeners' perceptual capability but also the operation of matching the detected word onset against potential candidates that share this onset. It is in this operation that we saw a significant age difference. The age deficit observed for gated stimuli would, thus, appear to reside at the interface between the sensory input and matching this input against lexical possibilities that share, or nearly share, their phonological onsets. This process may represent the earliest stage at which cognitive aging begins to exert an influence in the linguistic process.
An additional feature seen in the present data was the finding that, within the overall positive effects of stimulus expectancy on word recognition, older adults' recognition was differentially impacted when there was a relatively large number of semantically congruent words that might also be activated by a sentence context. This finding is consistent with the suggestion that effects of cognitive aging include reduced efficiency in inhibiting potential sources of interference (Lustig et al. 2007) . In this case, such interference was in the form of competition on word recognition from other words that also fit a given sentential context.
We did not in this experiment have an independent measure of inhibition. Numerous studies, however, have made the case for an inhibition deficit in older adulthood that results in older adults showing a greater negative effect of interference on retaining material in working memory (Hasher & Zacks 1988; Zacks et al. 1999) , in visual object recognition (Lindfield et al. 1994) and-relevant to our present interests-in spoken word recognition (Lindfield et al. 1994; Sommers 1996; Sommers & Danielson 1999; Lash et al. 2013; Lash & Wingfield 2014 ). The present data add to these studies analogous findings for older adults who, in this case, receive their sensory information via a cochlear implant.
It should be noted that, on average, older adults tend to have larger vocabulary sizes than their younger adult counterparts (Nicholas et al. 1997; Verhaeghen 2003) . One might, thus, ask whether a larger vocabulary size would contribute to older adults' greater susceptibility to verbal competitors. As previously noted, however, the vocabulary scores for the younger and older adults taking part in this present study were similar to each other. Although the question of whether vocabulary size in general may influence the size of interference effects remains a topic for enquiry, it would not appear to be a factor in the present case.
It is well known that untreated hearing loss can interfere with effective communication, quality of life, and accelerated cognitive decline (Lin 2011; Humes et al. 2013; Lin et al. 2013) . Such findings have raised the question of whether fitting severely hearing-impaired older adults with cochlear implants will not only improve social activity and quality of life, but whether this intervention may also yield a positive impact on cognitive function (Mosnier et al. 2015) . It is, thus, encouraging that older adults, as well as their younger adult counterparts, can show impressive adaptation to the novel signal produced by cochlear implants, culminating in good speech intelligibility (Friedland et al. 2010; Budenz et al. 2011; Roberts et al. 2013 ). Our present results add to this picture by demonstrating the importance of taking into account sensory-cognitive interactions, both positive effects (in this case effective use of top-down linguistic context as an aid to word recognition), and negative effects (interference derived from an age-related inhibition deficit) that may underlie older adults' performance on word recognition with cochlear implants.
